The spine has a direct influence on postural alignment and movement of the whole body. Lumbar muscles constitute a critical element in trunk performance while weakness of these muscles has been associated with low back pain. Hence, strength profiling of trunk muscles is clinically significant. The objective of this research was to determine, by means of isokinetic dynamometry, peak moment (PM) values during isokinetic concentric and eccentric efforts of trunk flexion and extension in sedentary asymptomatic individuals. The sample consisted of 100 asymptomatic sedentary volunteers, fifty from each sex, aging 22.2 ± 3.3 years old. The sample underwent concentric and eccentric isokinetic assessment of the trunk flexor and extensor muscles at an angular velocity of 60 degrees/sec for each mode of contraction. The mean concentric PM for trunk flexion and extension were 139.5 and 166.6 Nm, respectively, while the respective values for the eccentric efforts were 188.8 and 221.2 Nm. The PM flexion/extension ratio was 0.87 and 0.89 for the concentric and eccentric efforts, respectively. These values of concentric and eccentric PM and PM ratio will serve as comparison parameters for future research, as well as for the assessment of symptomatic patients, and to help in the creation of the trunk muscle rebalance protocols.
INTRODUCTION
The spine forms a closed kinematic chain through segmental coordination of the upper and lower extremities and the pelvic girdle, and affects the static and dynamic patterns of daily life activities (Jeon & Kim, 2016; Pinto et al., 2008) , while also having a direct influence on postural alignment and movement of the whole body through musculoskeletal connections (Haight, Dahm, Smith, & Krause, 2005; Jeon & Kim, 2016) .
The trunk musculature plays a fundamental role when it is required to act against imbalances imposed on the joints. Several studies and reviews show that muscle strength and balance are primary factors in lumbar stability (Hides, Stanton, Mendis, & Sexton, 2011; Lee et al., 1999; Silva Neto, Simões, Grangeiro Neto, & Cardone, 2010; van Middelkoop et al., 2011; van Middelkoop et al., 2010) .
Data from the World Health Organization show that about 80-85% of back pain episodes worldwide have no known cause. Low back pain (LBP) is the most common spine disorder, affecting more than 80% of people at some point in their lives, and 90% of those affected have more than one episode. Low back pain has been identified as a frequent cause of disability among young adults (WHO, 2013) .
Thus, there has been an increase in research related to methods of treatment, prevention, and diagnosis of lumbar dysfunction. Most of these studies have assessed the relationship between trunk muscle strength and LBP and show weakness and imbalance of these muscles in individuals with this and other spine disorder (Lim, Poh, Low, & Wong, 2011; Marshall, Kennedy, Brooks, & Lonsdale, 2013; Mostagi et al., 2015; Pereira et al., 2012; Wajswelner, Metcalf, & Bennell, 2012; Wells, Kolt, Marshall, 
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Hill, & Bialocerkowski, 2013; Yahia et al., 2010; Yahia et al., 2011) .
The development of modern dynamometers allows better measurement of muscle parameters such as torque production capacity, muscle power, fatigue, and work in isokinetic contraction. These dynamometers also enable recording of maximum muscle strength in all ranges of motion. Isokinetic dynamometry is one of the most widely used objective methods to test trunk muscle strength, and more recently, it has been used in strength training. (Grabiner, Jeziorowski, & Divekar, 1990; Newton & Waddell, 1993) . It measures trunk flexion and extension strength at various angular speeds and contraction modes (isometric, concentric, and eccentric), and has been found to be safe (den Hartog et al., 2010) , reliable (Hupli, Sainio, Hurri, & Alaranta, 1997 ), validated (Guilhem, Giroux, Couturier, & Maffiuletti, 2014 , and sensitive enough to detect muscle weakness (Barczyk-Pawelec, Piechura, Dziubek, & Rozek, 2015; Cho et al., 2014) .
There is great benefit in using trunk isokinetic dynamometry to reliably assess strength parameters (Barczyk-Pawelec et al., 2015; Guilhem et al., 2014; Jeon & Kim, 2016; Newton & Waddell, 1993) . There is a lack of normative data of strength of flexors and extensors trunk muscles in the literature. In especial, the lack of normative data from asymptomatic sedentary adults hinders the accurate assessment of muscle parameters in other populations, for example, individuals with low back disorders and athletes. This is because, unlike of the arms and legs that may have the strength of a limb compared to the contralateral limb, the trunk does not present this possibility. In this way, the comparison of the trunk strength of an individual always will need to compare with normative data or parameters of normality. Therefore, this study may contribute to the establishment of normal parameters for future studies with larger samples in this population.
Hence, this study aimed to use isokinetic dynamometry to determine peak moment (PM) values in concentric and eccentric contractions in trunk flexion and extension, and the relationship between these values in asymptomatic sedentary subjects.
METHOD
This research is an evaluative, cross-sectional, exploratory, descriptive, experimental pilot study. Experiments were carried out at the Isokinetic Dynamometry Center of the Physiotherapy Clinic at Pontifical Catholic University of Paraná -Brazil, after approval by the Human Research Ethics Committee of the same institution, under protocol number: 249771.
Participants
The participants consisted of 100 sedentary individuals asymptomatic for LBP, 50 of each sex, aged 18-30 years old, who agreed to participate in the research by providing a signed and informed consent before enrolment. The inclusion criterion was that individuals were classified as sedentary, that is, not practicing regular physical activity (less than 150 minutes of vigorous-intensity physical activity throughout the week, or an equivalent combination of moderate and vigorous intensity activity, or muscle-strengthening activities less than twice a week (WHO, 2010) ). Individuals with evident postural change, spine or hip osteomyoarticular lesions, abdominal or spine surgeries, pain in the lumbar region, knee injuries and misalignments, and pregnant women were excluded. Individuals who failed to correctly complete the test, i.e., who stopped or reversed force direction during the test, were excluded. The participants consisted of PUCPR students, who were invited by the researchers to participate in this project.
Measures and Procedures
Each participant underwent an isokinetic assessment following a protocol that tested the trunk flexor and extensor musculature in concentric and eccentric contraction, starting with 10° of extension and going up to 70° of flexion, with five repetitions at an angular velocity of 60°/s (den Hartog et al., 2010; Gómez et al., 2005; Hupli et al., 1997; Silva Neto et al., 2010; Yahia et al., 2010; Yahia et al., 2011 ). The protocol is described in Figure 1 . Participants were positioned on the dynamometer in accordance with the technical standards guide of the equipment as prescribed by the manufacturer (Cybex®, model NORM 700011) (CYBEX, 1995) in the specific module for analysing trunk strength. The participant remained in the same position throughout the test.
Each volunteer was placed standing with semi-flexed knees, limited behind in the popliteal line, and below and above the patella in front; the drive shaft of the dynamometer was positioned at the L4/L5 level, with a fastening belt at the hip, and with the shoulder girdle region fixed by a belt above the nipples; only free flexion and extension of the trunk was possible (CYBEX, 1995) .
After proper attachment of the individual to the equipment, the trunk was weighed by the device in a 45° flexion position, and this value was subtracted from the body weight (CYBEX, 1995) . The same researcher positioned and attached all subjects in this experiment to avoid bias.
During the tests, all subjects received the same verbal stimulus in order to develop maximum strength. The selected parameter for muscle performance assessment was peak moment, in Newton meters (Nm).
Statistical Analysis
Results were expressed as mean, median, minimum and maximum values, and standard deviations. Pearson's correlation coefficient was estimated to establish the relationship between the parameters. For comparisons between groups, Student's t-test was considered for independent as well as paired samples. The analysis of covariance (ANCOVA) was used for comparisons between groups, keeping another quantitative covariable, and considering a statistical significance of 5%.
RESULTS
The mean age of participants was 22.2 ± 3.3 years, and the body mass index (BMI) was 24.4 ± 4.0 kg/cm 2 (Table 1) . Body Mass Index; CON PM: concentric peak moment; ECC PM: eccentric peak moment; Flex/Ext CON ratio: relationship between flexion concentric peak moment and extension concentric peak moment; Flex/Ext ECC ratio: relationship between flexion eccentric peak moment and extension eccentric peak moment.
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The evaluation of the correlations between BMI and the variables analysed with isokinetic dynamometry are described in Table 2 .
Although no significant differences were found for BMI when stratified according to sex (Table 1) , Table 2 shows that BMI had a significant correlation with the following isokinetic variables: trunk flexion concentric peak moment (Flexion CON PM); trunk extension concentric peak moment (Extension CON PM); trunk flexion eccentric peak moment (Flexion ECC PM); trunk flexion eccentric peak moment angle (Flexion ECC PM angle); and trunk extension eccentric peak moment (Extension ECC PM). This result shows that 50% of the isokinetic data have a significant correlation with BMI. For this reason, it was decided to perform the analysis of the isokinetic data stratified according to sex set to BMI.
The concentric and eccentric PM values obtained are shown in Table 3 , for total sample and stratified according to sex. The results of the comparison between these variables when stratified according to sex are Also shown.
The results in Table 3 show a significant difference for the variables of concentric PM for both trunk flexor (p<0.001) and extensor muscles (p<0.001), when comparing sexes. Men showed higher mean values for both flexor and extensor muscle concentric PM. ratio: relationship between flexion concentric peak moment and extension concentric peak moment; ECC PM: eccentric peak moment; Flex/Ext ECC ratio: relationship between flexion eccentric peak moment and extension eccentric peak moment; Nm: Newton meters; %: percent.
The variables referring to the concentric relationship between trunk extensor and flexor muscles (p=0.002) showed higher mean values for women. The trunk extension concentric PM
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angle also differed between sexes (p=0.044), and was higher (occurring when the trunk was more flexed) for men. On the other hand, the trunk flexion concentric PM angle did not present significantly different mean values between sexes (p=0.103). Similar to the concentric isokinetic variables, the results of the eccentric peak moment variables also show a significant difference when comparing sexes, for both the trunk flexor (p<0.001) and extensor muscles (p<0.001), with higher PM mean values for men.
Mean values for angles also showed significant differences between sexes. The eccentric PM angle of trunk flexors was higher in women (p=0.005), whereas the eccentric PM angle of trunk extensors was higher in men (p=0.023).
The eccentric relationship between trunk extensor and flexor muscles showed a significantly higher mean for women (p<0.001). When compare concentric and eccentric PM of the sample, globally and stratified according to sex, the results of the Student's t-test show a significant difference when comparing the values of concentric PM with those of eccentric PM for trunk flexor and extensor muscles. The eccentric PM mean value was higher than the concentric value (p = 0.001) in both sexes and in total sample for flexors and extensors. Comparison between the variables of peak moment stratified according to sex. The figure shows the mean and standard deviation values of the peak moment variables according to sex. Flex CON PM = flexion concentric peak moment; Ext CON PM = extension concentric peak moment; Flex ECC PM = flexion eccentric peak moment; Ext CON PM = extension eccentric peak moment.
The results of the evaluation of the correlation between concentric and eccentric PM of the sample, globally and stratified according to sex (table 4) show a significant positive correlation between the values of concentric and eccentric PM of trunk flexor muscles as well as between the values of concentric and eccentric PM of trunk extensor muscles, for both the total and sex-stratified sample.
It was then observed that the individuals' concentric and eccentric PM values were directly proportional and correlated with one another, although they had significantly different mean values, as shown in figure 2. Figure 2 also shows the results for peak moment presented in the previous tables. It was observed a higher PM values for male subjects compared with female subjects, both in concentric and eccentric contraction of flexor and extensor muscles.
DISCUSSION
It is known that normative data or common values are important to characterize populations, to identify parameters of normality and variations of these and to compare the characteristics between distinct populations. This statement is true also for parameters of strength. It is known that muscular strength varies according to population characteristics such as age, sex, level of physical activity, among others. The isokinetic dynamometer is an accurate equipment, capturing small variations in muscle strength parameters, as in the case of PM in this study. Therefore, it is important to clarify that when comparing PM values between different studies, it is important to consider the characteristics of the population and the characteristics of the isokinetic dynamometer, as well as the parameters, such as speed, number of repetition and mode of contraction, stipulated for the isokinetic test.
Delitto, Rose, Crandell, and Strube (1991) assessed 29 asymptomatic men and 32 asymptomatic women with a mean age of 40 years old. In this study, three trunk isokinetic tests were performed at an angular velocity of 60°/s in concentric mode, with a one-week interval between the first and second testing, and two weeks between the second and third. The data presented the mean values of the three assessments. The peak moment mean was 58 Nm for flexor muscles and 82 Nm for extensors in women. In men, the values were 81 Nm for flexors and 111 Nm for extensors (Delitto, Rose, Crandell, & Strube, 1991) .
It is observed that the current study presents values of concentric peak moment higher than those found by Delitto et al. (1991) . An accurate comparison of these values between studies is hampered by the lack of data on range of motion and age groups of the individuals. However, the current findings corroborate the previous results regarding the higher mean force found for the extensor muscles compared with the flexors, as well as for the higher peak moment mean values found in men.
Gómez et al. (2005) Table 3 are lower than those found by Gómez, but the study did not specify whether the individuals had any regular physical activity, which could explain the higher values. It is worth noting that the study by Gómez et al. (2005) has a smaller sample than our study and like that of Delitto et al. (1991) , only evaluated the participants in concentric contraction. Yahia et al. (2010) compared the strength of individuals with chronic sciatic pain with asymptomatic individuals. Of 68 individuals of both sexes that were assessed, 40 had no lumbar pain, while the other 28 had chronic sciatic pain symptoms. Concentric testing was performed with an angular velocity of 60°/sec and a range of motion of 70° of flexion and 0° of extension. Asymptomatic subjects showed 177.44 Nm and 192.73 Nm for flexion and extension peak moment mean, respectively. On the other hand, symptomatic subjects showed flexion peak moment mean values of 134.32 Nm and extension peak moment mean values of 123.71 Nm (Yahia et al., 2010) .
In order to investigate postural characteristics of the trunk and lower limbs, as well as strength profiles in subjects with chronic LBP, Yahia et al. (2011) assessed 60 individuals, predominantly
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women; 30 had LBP (mean age 41.1 years old), and 30 were asymptomatic (mean age 39 years old). Trunk concentric isokinetic testing was performed with an angular velocity of 60°/sec, and range of motion of 70° of flexion and 0° of extension. For asymptomatic individuals, the flexion peak moment mean was 122.5 Nm and extension peak moment mean was 144.8 Nm. For symptomatic individuals, the flexion and extension peak moment means were 102.06 Nm and 75.7 Nm, respectively (Yahia et al., 2011) . The results for the asymptomatic group of the study by Yahia et al. (2011) are similar to those shown in Table 3 , while the asymptomatic group of the study by Yahia et al. (2010) have higher peak moment values than those of our study.
The present study showed that women have significantly lower peak moment values than men in trunk extension and flexion in concentric and eccentric contraction (Table 3) , as shown by Van Damme et al. (2013) in assessing healthy individuals at angular velocities of 30º/s, 60º/s, 90°/s, and 120°/s in concentric contraction.
In a validation study of isokinetic trunk dynamometry by Guilhem, Giroux, Couturier, and Maffiuletti, (2014) , 15 healthy young adults were evaluated, and PM values were higher than those obtained in the current study for both concentric and eccentric contraction. However, it is not known whether these subjects were sedentary or not. Their data showed that eccentric peak moment values are higher than concentric values (Guilhem et al., 2014) , which corroborates our results. The results show significant differences when comparing peak moment values for concentric and eccentric of trunk flexors and extensors; the average peak eccentric moment is higher, with a 26.1% difference in the flexors and 24.65% in the extensors, when all the subjects are evaluated together. The data also show strong and significant positive correlations between the PM values for concentric and eccentric of trunk flexors and extensors (Table 4) . Thus, concentric and eccentric PM values are directly proportional and related to each other, although they have significantly different mean values, with eccentric values always being higher. Therefore, these variables maintain a greater or directly proportional decrease, showing a significant difference between concentric and eccentric values (figure 2). These results are in accordance with those observed by Helfman (1966) , which showed that peak moment production decreases from eccentric to concentric contraction.
Regarding the muscle agonist/antagonist ratio, or trunk extensors/flexors, it is known that an imbalance in muscle strength, with decreased extensor muscle strength relative to flexor muscles, may be a risk factor for lumbar pain (Lee et al., 1999) . The literature shows that the relationship between flexor/extensor muscle trunk PM remains between 0.71 and 0.92 for healthy individuals (Delitto et al., 1991; Gómez et al., 2005; Yahia et al., 2010) . This is in accordance with the data shown in Table 3 , in which the mean value for men is 0.81 and for women is 0.92.
There is a variation of the trunk extensor/flexor relationship between the present study and the studies by Delitto et al. (1991) and Gómez et al. (2015) , with the present study having the highest values of the aforementioned relation. Although the three studies presented values among the most commonly found in the literature (0.71 and 0.92).
Regarding angular momentum, the PM of the flexor muscles in concentric contraction occurred at an average angle of 56.32° of trunk flexion, and peak of the extensor muscles at an average of 39.90° of trunk flexion. In eccentric contraction, the PM of the flexor muscles occurred at an average angle of 53.06° of trunk flexion, and PM of the extensor muscles at an angle of 33.92° of trunk flexion, evidencing angular moments very similar in concentric and eccentric contraction. These results are similar to those found by Gómez et al. (2005) , which were obtained for the same angular velocity and range of motion in concentric contraction. However, we did not find studies that evaluated the angular momentum of PM in eccentric contraction.
By determining the isokinetic PM angle, it is possible to establish criteria for movement execution to strengthen specific trunk muscle groups, thus optimizing muscle rehabilitation of the analysed segment.
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CONCLUSION
The current study indicates that the concentric and eccentric peak moment values of the flexor and extensor trunk muscles are correlated and directly proportional to each other, despite presenting significantly different mean values. The study also shows notably higher peak moment values for men when compared to women for both flexor and extensor muscles in concentric and eccentric contraction.
The results of the present study reflect in part the findings of others on the same topic. The authors believe that due to the incipience of studies in this topic and specifically with these variables, these findings should be considered mainly regarding eccentric values and to peak moment angle if not yet extensively investigated in other studies. The authors also believe that on account of the characteristics of the study population, the peak moment values found could serve as a minimum acceptable standard of trunk muscle strength and balance. Moreover, they could be used as a parameter for diagnosis and comparison for studying symptomatic patients, athletes and other populations with specific characteristics. Furthermore, defining the peak moment angle for the trunk movement range enables the establishment of criteria for the execution of strengthening movements of specific trunk muscle groups, thereby optimizing muscle rehabilitation of the analysed segment.
